Muriphaeosphaeria galatellae was collected from Galatella villosa in Russia and is introduced as a novel monotypic genus and species in the family Phaeosphaeriaceae (Pleosporales). Muriphaeosphaeria is distinct from other genera of the family Phaeosphaeriaceae by its unique suite of characters such as, superficial ascomata with an ascomatal wall comprising thinwalled brown cells, cellular pseudoparaphyses, muriform ascospores; and conidiomata with a thick hyaline inner wall layer producing cylindrical to subclavate, 1−3-transversely septate, brown conidia. The asexual morph of M. galatellae developed in cultures when grown on sterilized pine needles and bamboo pieces. A phylogenetic analysis based on combined LSU, SSU and ITS sequence data showed that M. galatellae forms a distinct lineage in Phaeosphaeriaceae. The new genus and species are introduced and compared with other taxa in the family.
Introduction
Dothideomycetes is the largest class of Ascomycota, characterized by bitunicate and mostly fissitunicate asci (Berbee 1996 , Kirk et al. 2008 . Pleosporales is considered as the largest order in the class, comprising a quarter of all dothideomycetous species (Kirk et al. 2008 , Zhang et al. 2012 . Species of Pleosporales can be epiphytes, endophytes, parasites on plants, hyperparasites on fungi, and saprobes on dead plant litter (Barr 1979 , Taylor et al. 2000 , Schoch et al. 2009 , Wijayawardene et al. 2014 , Ariyawansa et al. 2014a . The family Phaeosphaeriaceae, introduced by Barr (1979) , is one of the largest families in the order Pleosporales. The family was initially characterized by immersed to superficial, globose to subglobose ascomata with short papilla, bitunicate asci, and hyaline, yellowish or brown, uni or multi-septate, muriform ascospores (Shoemaker 1984 , Shoemaker & Babcock 1989 , 1992 , Zhang et al. 2012 . Phookamsak et al. (2014) revised the family Phaeosphaeriaceae and accepted 30 genera based on both morphology and phylogeny. Although species of Phaeosphaeriaceae are mostly found on monocotyledonous hosts as pathogens or saprobes (Câmara et al. 2002 , Quaedvlieg et al. 2013 , Thambugala et al. 2014 ) some also occur on dicotyledons . Currently 17 asexual genera have been reported in the family Phaeosphaeriaceae by Phookamsak et al. (2014) .
We have been studying the families of Pleosporales in order to provide a natural classification of this large taxon (Zhang et al. 2012 , Phookamsak et al. 2013 , Wijayawardene et al. 2014 , Ariyawansa et al. 2014a , b, c, 2015 . In this study, we introduce a new genus Muriphaeosphaeria, with M. galatellae as the type species, the specimen of which was collected from the Rostov region of Russia. The new genus is compared with other genera in the family Phaeosphaeriaceae and its uniqueness is confirmed based on both morphology and molecular data.
Material and Methods

Sample collection, morphological study and isolation
The specimen was collected from the Rostov region of Russia, in a natural sanctuary 'Persianovskaya steppe' on dead and dying stems of Galatella villosa (L.) Rchb.f. The fungus was examined under a Motic SMZ 168 Series stereo-microscope. Vertical free-hand sections were made by a razor blade and placed on a droplet of sterilized water on a glass slide (Gupta et al. 2013) . Microscopic characters were observed and photo-micrographed using a Nikon ECLIPSE80i compound microscope fitted to Cannon 600D digital camera. The measurements were determined using Taro soft ® Image Framework program version.0.9.7. Photo-plates were made using Photoshop version CS5.1.
Pure cultures were obtained from single ascospores on 2% potato dextrose agar (PDA; 39 g/L in distilled water, Difco potato dextrose) as described in Chomnunti et al. (2014) . Growth rate of colonies were measured after 7 days and up to 4 weeks at 16 °C. The asexual morph was obtained by placing agar squares with mycelia on water agar with sterile bamboo pieces ) and sterile pine needles (Crous et al. 2006 , Liu 2011 ) and incubating at 16 °C in the dark for 8 weeks. The type specimen of the new genus is deposited in Mae Fah Luang University (MFLU) herbarium, Chiang Rai, Thailand. Ex-type living cultures are deposited at the Mae Fah Luang University Culture Collection (MFLUCC) with duplicates in CBS Fungal Biodiversity Centre, the Netherlands under material transfer agreement no. MTA0038.
DNA extraction, amplification and sequencing
Fungal isolates were grown on PDA medium at 25 ± 2 °C for 4 weeks. Genomic DNA was extracted from the growing mycelium, following the manufacturer's protocol from Biospin Fungus Genomic DNA Extraction Kit (BioFlux®) (Hangzhou, P. R. China). In this study, several gene regions were amplified using known primer pairs. LROR and LR5 were used to amplify region of nuclear large subunit rDNA (LSU) (Vilgalys & Hester 1990 ). NS1 and NS4 were used to amplify region of nuclear small subunit rDNA (SSU), and internal transcribed spacer region (ITS) was amplified by using ITS5 and ITS4 primer pairs (White et al. 1990 ).
The amplification reactions were performed in 25 µl of total reaction which contained 9.5 µl of sterilized water, 12.5 µl of 2× Easy Taq PCR Super Mix (mixture of Easy Taq TM DNA Polymerase, dNTPs, and optimized buffer (Beijing Trans Gen Biotech Co., Chaoyang District, Beijing, PR China), 1 µl of each forward and reverse primers, and 1 µl of DNA template. PCR amplification conditions were set as follows; an initial denaturation at 94 °C for 3 min, followed by 35 cycles of denaturation at 94 °C for 30 sec, primer annealing at 55 °C for 50 sec, primer extension at 72 °C for 1 min, and a final extension step at 72 °C for 10 min. The PCR products were checked on 1% Agarose gel electrophoresis stained with Ethidium bromide. PCR products were purified and sent for sequencing at Shanghai Sangon Biological Engineering Technology & Services Co. (Shanghai, P.R. China).
Phylogeny analysis
Taxa used in the analyses were obtained through recent publications (Phookamsak et al. 2014 ) and individual LSU, SSU and ITS genes of Muriphaeosphaeria galatellae sexual morph and asexual morph were checked using the BLAST search engine tool of NCBI to reveal the closest matches in GenBank. DNA alignments were performed by using Bioedit version 7.0.9 (Hall 1999) , MEGA version 5 and version 6 (Tamura et al. 2011 (Tamura et al. , 2013 , and MAFFT version 7.220 (Katoh et al. 2013 ) online sequence alignment (mafft.cbrc.jp/alignment/server) and further aligned manually. Combined LSU, SSU and ITS gene sequence data were used in the analysis to increase the phylogenetic accuracy and missing data was treated as gaps. Maximum parsimony analysis (MP) was performed by PAUP1.0b10 software (Swofford 2002) , with heuristic search option 1,000 random replicates. Maxtrees were setup to 5000 and branches of zero length were collapsed and all multiple parsimonious trees were saved. Descriptive tree statistics for parsimony (Tree Length [TL], Consistency Index [CI], Retention Index [RI], Relative Consistency Index [RC] and Homoplasy Index [HI] were calculated for trees generated under different optimality criteria. Maximum likelihood analyses (ML) included 1000 bootstrap replicates run using RAxML (O'meara et al. 2006 (O'meara et al. , Stamatakis 2006 implemented in raxmlGUI version v.1.3.1 (Silvestro & Michalak 2011) . The search strategy was set to rapid bootstrapping. Analysis carried out by general time reversible (GTR) model nucleotide substitution and applied with gamma-distributed heterogeneity with 4 discrete implementation rate (Guindon et al. 2010) . Bootstrap values (BT) were indicated for clade stability for MP and ML analysis values, equal or greater than 50% were given above node.
To perform Bayesian analysis, the model of evolution was performed by using MrModeltest 2.2 (Nylander 2004) . The Nucleotide substitution models selected for individual and combined datasets were GTR+I+G. Posterior probabilities (PP) (Rannala and Yang 1996, Zhaxybayeva and Gogarten 2002) were determined by Markov Chain Monte Carlo sampling (MCMC) in MrBayes v. 3.0b4 (Huelsenbeck and Ronquist 2001) . Four simultaneous Markov chains were run for 3,500,000 generations and trees were sampled every 100th generation; a total 35,000 trees were obtained. The first 7,000 trees, representing the burn-in phase of the analyses, were discarded, while the remaining trees were used for calculating posterior probabilities in the majority rule consensus tree (critical value for the topological convergence diagnostic set to 0.01) (Zhaxybayeva & Gogarten 2002 .
Phylogenetic trees and data files were viewed in MEGA v. 6 (Tamura et al. 2013 ), TreeView v. 1.6.6 (Page 1996) and FigTree v. 1.4 (Rambaut and Drummond 2008) . Facesoffungi numbers are as detailed in Jayasiri et al. (2015) .
Results and Discussion
Phylogenetic analysis Partial nucleotides of LSU, SSU and ITS dataset comprising 58 strains in Phaeosphaeriaceae were used to determine the generic placement of Muriphaeosphaeria galatellae. Didymella exigua (CBS 183.55) was used as the outgroup taxon (FIG. 1) . The individual LSU, SSU and ITS single gene tree initial performed and observed in similar topology, these were not significantly different (data not shown). Therefore genes were combined The maximum parsimony dataset consists of 2252 characters with 1745 characters as constant information, 179 characters as variable characters are parsimony-uninformative, and 328 characters were count as parsimony-informative character. The most parsimonious tree showed TL= 1941, CI=0.412, RI=0.59, RC=0.243, HI=0.588 values. The best scoring tree was selected with a final likelihood value of In: -11885.672296 and the result is presented in FIG. 1. The strain Muriphaeosphaeria galatellae clustered in the family Phaeosphaeriaceae, phylogeny analyses of two isolates formed strongly supported values (95% MP/100% ML/ 0.97 PP) to confirmed same species. M. galatellae formed a sister clade to Entodesmium rude (CBS 650.86), but separated from other genera in the family with high bootstrap support (70% ML/ 1.00 PP). Phylogenetic trees obtained from Maximum Likelihood and Bayesian analysis yielded trees with similar overall topology at subclass and family relationships in agreement with previous work based on Maximum Likelihood analysis (Zhang et al. 2012 , Phookamsak et al. 2013 , Wijayawardene et al. 2014 , Ariyawansa et al. 2014a , b, c, 2015 , while the Maximum parsimony analysis (MP) tree has some differences with some internal clades, i.e. Nodulosphaeria modesta, clustered with Dermatiopleospora mariae and ophiobolus erythrosporus, but in ML and PP analysis Nodulosphaeria modesta forms a separate branch but still in the same clade. This is not unexpected as divergence in evolutionary rates and the presence of missing data affects all these differently. Nevertheless, we describe the new taxon based on agreement in support for all three computational methods. The new sequence data is deposited in GenBank (TABLE 1) . FIGURE 1 . Bayesian majority (50%) consensus rule tree based on combined partial LSU, SSU and ITS gene datasets. Bootstrap values from maximum parsimony (MP, left above), and maximum likelihood (ML, right above) of more than 60% are given above the nodes. Bayesian posterior probabilities (PP, below) of more than 0.95 are given below the nodes. The tree is rooted to Didymella exigua (CBS183.55). Muriphaeosphaeria galatellae (strain MFLUCC 14−0614) is indicated in red bold. The type species of each genus is indicated in blue bold, ex-type strains are bold.
Taxonomy
The monotypic genus Muriphaeosphaeria, typified by M. galatellae, is introduced in the family Phaeosphaeriaceae. It has a distinct morphology compared to other genera in Phaeosphaeriaceae and is also supported by distinctive DNA data.
Muriphaeosphaeria C. Phukhamsakda, T. Bulgakov & K.D. Hyde, gen. nov. Index Fungorum Number IF551291; Facesoffungi number FoF 00868
Etymology:-The generic epithet is in reference to the muriform ascospores.
Saprobic on dead and dying stems. Sexual morph: Ascomata coriaceous, superficial, solitary, scattered, globose to cupulate, black to dark brown, smooth-walled, ostiolate. ostiole central, lacking periphyses. Peridium multi-layered, dark to light brown, comprising cells of textura angularis, with inner hyaline layer. Hamathecium comprising long, filamentous, narrow, septate pseudoparaphyses surrounding asci. Asci 8-spored, bitunicate, fissitunicate, cylindrical to clavate, short-pedicellate, apically rounded with an ocular chamber clearly visible when immature. Ascospores biseriate, partially overlapping, obovoid to sub-fusiform, narrow towards ends, slightly curved, transversely septate, with a longitudinal septuma in the central cells, slightly constricted at the central septum, light brown to yellowish, granulate, smooth-walled. Asexual morph: Coelomycetous. Conidiomata superficial, dark brown to black, globose, uniloculate, solitary, scattered, ostiolate. Pycnidial wall thick-walled, multi-layered, with inner layer comprising several cell-layers, comprising brown-walled cells of textura angularis. Conidiophores reduced to conidiogenous cells. Conidiogenous cells holoblastic with percurrent annelidic proliferations, integrated, oblong, hyaline, brown when mature, smoothwalled, and formed from the inner layer of pycnidial wall. Conidia oblong to cylindrical, narrowly rounded at both ends, transversely septate, pale brown when mature. without a papilla, smooth-walled. ostiole 16−22 μm high × 22−32 μm wide, slightly raised, centrally located, lacking periphyses. Peridium 12-26 μm wide, composed of 3-5 wall layers, with outer part comprising dark brown to light brown cells of textura angularis, inner layer comprising thin-walled, hyaline cells. Hamathecium of dense, 2-3 μm (x̅ = 2.7 μm, n = 20) wide, filamentous, septate, branched, pseudoparaphyses surrounding asci. Asci 53-86 × 9-17 μm (x̅ = 77.5 × 13.6 μm, n = 20), 8-spored, bitunicate, fissitunicate, cylindrical to clavate, short-pedicellate, apically rounded with an ocular chamber, clearly visible when immature. Ascospores 13-27 × 4-11 μm (x̅ = 22.1 × 7.8 μm, n=50), bi-seriate, partially overlapping, obovoid to sub-fusiform, or clavate, narrow towards ends, slightly curved, 4-5-tranversely septate and with 1 longitudinal septa in the central 2-3 cells, constricted at three central septa, slightly constricted at other septa, with second cell from apex enlarged in the centre, light brown to yellowish, granulate, smooth-walled, without a mucilaginous sheath. Asexual morph: Produced on sterilized bamboo pieces and pine needles on water agar. Conidiomata 233−293 μm high × 202-332 μm wide diam., dark brown to black, globose, superficial on substrate, covered by dense vegetative hyphae, uniloculate, solitary to scattered, ostiolate. Pycnidial wall 41−54 μm wide ( up to 85 μm wide at apex), thick-walled, two-layered, with outer region comprising 2-layers of brown-walled cells of textura angularis, with inner region comprising up to 7 layers of thick, hyaline cells of textura angularis. Conidiophores reduced to conidiogenous cells. Conidiogenous cells 1−3 × 2−3 μm, holoblastic with percurrent proliferations, annellidic, integrated, oblong, hyaline, and formed from the inner layer of pycnidium wall. Conidia 10-17 × 2-6 µm (x̅ = 14.2 × 4.6 µm, n = 50), cylindrical to subclavate, rounded at both ends, sometimes slightly curved, with 1−3 transverse septa, initially hyaline, brown when mature, smooth-walled.
Culture characters:-Ascospore germinating on PDA within 24 hours, with germ tubes developed from the end cells of ascospores. Colonies on PDA reaching 60 mm diam after 4 weeks. Culture incubated at 16 °C, white at first, becoming pale green after 2 weeks, olive-green, convex with papillate surface, with circular, friable margin.
Material examined:-RUSSIA, Rostov region (rus. Rostovskaya Oblast), Oktyabrsky District (rus. Oktyabr'sky raion), natural sanctuary 'Persianovskaya steppe', dead and drying stems of Galatella villosa (L.) Rchb.f. (Asteraceae) (FIG. 2A) , 26 April 2014, T.S. Bulgakov (MFLU, holotype 15−0087; HKAS 88183, isotype); ex-type living culture, MFLUCC 14-0614 = MFLUCC 15−0769 = CBS 140021.
Notes:-The genus Muriphaeosphaeria is a monotypic and characterized by superficial, globose to cupulate, ostiolate ascomata, thick-walled peridium, filamentous, septate, pseudoparaphyses, bitunicate, fissitunicate, short and narrowly pedicellate asci and muriform ascospores. The asexual morph of the genus (MFLUCC 15−0769, FIG. 2C) found in same pieces of host and also formed in culture (MFLUCC 14−0614, FIG. 2B, FIG. 3) is coelomycetous with pycnidial, globose, superficial, uniloculate, ostiolate, thick-walled conidiomata, with an inner wall-layer comprising up to 7 hyaline cell-layers, annelledic conidiogenous cells, and subclavate, 1−3-transverse septate, brown conidia. The connectively of sexual and as asexual morphs is proven by phylogenetic analysis (FIG. 1) . Muriphaeosphaeria galatellae forms a sister clade with a putative strain of Entodesmium rude (CBS 650.86, FIG. 1) , but the morphology is obviously distinct. E. rude has long necked, periphysate ostiole, thick-walled peridium, fasciculate, scolecosporous, filiform, 18−20-septate ascospores . Muriphaeosphaeria galatellae shares similarities with Dematiopleospora mariae in having superficial ascomata and muriform ascospores, but differs in having thick-walled ascomata, without loose hyphae surrounding the ostiole, filamentous, cellular pseudoparaphyses, short and simple pedicellate asci and ascospores with rounded ends, while D. mariae contains hyphae around the ostiole and furcated pedicellate asci. Both taxa cluster in the clade A, with in the family in molecular analysis (FIG. 1) . Thus, it is evident that more taxa are needed to be studied to resolve the relationship within the clade.
